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CHANGES IN BODY TEMPERATURE AND OXYGEN CONSUMPTION
RATE OF CONSCIOUS MICE PRODUCED BY

INTRAHYPOTHALAMIC AND INTRACEREBROVENTRICULAR
INJECTIONS OF A9-TETRAHYDROCANNABINOL

A.G. FITTON & R.G. PERTWEE
Department of Pharmacology, University of Aberdeen, Marischal College, Aberdeen, AB9 1AS

1 A9-Tetrahydrocannabinol (A9-THC) was injected into the preoptic area of the anterior
hypothalamus or into the third or fourth cerebral ventricle of the conscious mouse through a
chronically implanted cannula and the effects on body temperature and oxygen consumption rate
were measured.
2 At an ambient temperature of 22°C, injections of A9-THC into the fourth ventricle (5 and 10 plg)
produced dose-dependent falls in rectal temperature. Hypothermia was also observed after injec-
tions of the drug into the hypothalamus (5 and 10 ltg) or into the third ventricle (10 jg).
3 The hypothermia produced by 9-THC was associated with a fall in oxygen consumption rate.
Falls in rectal temperature and in oxygen consumption rate were significantly greater after injection
of A9-THC than after injection of the drug vehicle, Tween 80.
4 The falls in rectal temperature and oxygen consumption rate produced by injection of A9-THC
into the fourth ventricle were abolished by elevation of the ambient temperature from 22 to 32°C.
5 A pretreatment that consisted of subcutaneous injections of A9-THC (20 mg/kg) given once
daily for three days produced tolerance to the hypothermic effect of the drug when injected on day 4
either into the fourth ventricle (10 plg) or into a lateral tail vein (2.0 mg/kg).
6 The results suggest that A9-THC acts centrally to alter thermoregulation in mice not only when it
is injected directly into the hypothalamus or cerebral ventricles but also when it is given intravenous-
ly. After intraventricular or intravenous administration the drug may act at extrahypothalamic as
well as at hypothalamic sites. The data also support the hypothesis that in mice, tolerance to the
hypothermic effect of A9-THC is pharmacodynamic and does not depend on changes in metabolism
or distribution of the drug.

Introduction

Little is yet known about the mechanisms respon-
sible for the pharmacological effects of cannabis
or of its main centrally active constituent A9-
tetrahydrocannabinol (A9-THC). One of the charac-
teristic pharmacological properties of these sub-
stances is the ability to lower body temperature (see
Paton & Pertwee, 1973; Haavik & Hardman, 1979).
The thermoregulatory system could provide a par-
ticularly useful model with which to investigate the
mechanisms of action of cannabinoids in the whole
animal since drug-induced changes in thermoregula-
tion can be studied in unanaesthetized animals and
since the physiological basis of thermoregulation is
relatively well understood. In the present study a
search was made for the sites at which A9-THC acts to
alter thermoregulation. Since there was already some
evidence that at least some of these sites are located
in the brain (Gill, Paton & Pertwee, 1970; Haavik,
Collins & Hardman, 1975; Schmeling & Hosko,
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1980), A9-THC was injected into the preoptic area of
the anterior hypothalamus and into the third and
fourth cerebral ventricles. Mice were used because
this species is particularly sensitive to the hypother-
mic effect of the drug. Both deep body temperature
and oxygen consumption rate were monitored since,
in the mouse at least, the hypothermic effect of
A -THC is thought to be due largely to an effect on
heat production (Pertwee & Tavendale, 1977).
Some of the results described in this paper were

presented to the British Pharmacological Society
(Fitton & Pertwee, 1981).

Methods

Adult 20 to 28 g male albino mice (MF1 strain) were
used. Intrahypothalamic injections were made uni-
laterally into the preoptic area of the anterior
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hypothalamus (Nyemitei-Addo & Pertwee, 1981)
and intraventricular injections into the third or fourth
ventricles of the brain. For injection into the third
ventricle a cannula guide (Nyemitei-Addo, Pertwee
& Tavendale, 1980) was implanted chronically to a
depth of 4.5 mm, 2.8 mm rostal to the lambda. For
injection into the fourth ventricle, the cannula guide
was implanted to a depth of 3 mm, 1.8mm caudal to
the lambda. Injections (0.5u1l) were made over a
period of 1 min through an injection cannula, the tip
of which extended 1 mm beyond that of the guide.
The microinjection system and all glassware and
saline used were sterile and pyrogen-free as de-
scribed by Dascombe & Milton (1975). Each experi-
ment was concluded by injecting methylene blue
through the injection cannula. The mouse was then
killed and the position of the dye determined
(Nyemitei-Addo et al., 1980). Dye injected into the
third ventricle was not detected in the fourth ven-
tricle. Likewise dye injected into the fourth ventricle
did not seem to enter the third ventricle. Intravenous
injections (0.20 ml/25 g) were made through a lateral
tail vein and subcutaneous injections (0.25 ml/25 g)
in the dorsal region of the neck. A9-THC was mixed
with two parts of Tween 80 by weight and then
dispersed in 0.9% w/v NaCl solution (saline). The
drug is only sparingly soluble in water and even in the
presence of Tween 80 it was not possible to prepare
homogeneous dispersions containing more than
20 pig of A9-THC per pl of Tween 80/saline.
Deep body temperature was monitored with a

thermistor probe (YSI 402) inserted 3cm into the

rectum. Changes in the rate of heat production were
detected indirectly by the measurement of the ox-
ygen consumption rate (VO ). This was measured
over a 50 to 60min perio3 by the closed-circuit
system described by Pertwee & Tavendale (1977)
and was expressed as volume of oxygen consumed
per 25 g body weight per hour after adjustment for
s.t.p. Unless stated otherwise the ambient tempera-
ture was kept at 22°C. Throughout most experiments
mice were kept in a restraining apparatus (Pertwee,
1974) and measurements of rectal temperature (tR)
and usually also of V02 were made every 2min.
However, in one series of experiments in which the
effect of pretreatment with subcutaneous injections
of A9-THC on responses to subsequent intraven-
tricular or intravenous injections of the drug was
studied, mice were only held in the restraining ap-
paratus while intraventricular or intravenous injec-
tions were made. At other times, except when held in
the hand for measurement of t , the mice remained
unrestrained at an ambient temperature of 22°C. In
this series of experiments V02 was not determined
and tR was measured for 30 min before injection and
over a 60 min period after injection. t was measured
every 15 min when intraventricular injections were
made and every 30 min when intravenous injections
were made.

Differences between the means of experimental
data have been evaluated by Student's t test (P> or
< 0.05) and limits of error are expressed as standard
errors.

Table 1 Effects of 9-tetrahydrocannabinol (A -THC) on the rectal temperatures and oxygen consumption rates
of groups of 6 restrained mice after injection into the preoptic area of the anterior hypothalamus (PO/AH) or into
the third (III) or fourth (IV) cerebral ventricle.

Drug Dose

(pg)

A9-THC 5
10

Tween 80 20
20

9A-THC 5
10

Tween 80 20
20

9
A -THC 10
Tween 80 20

AtR

(°C± s.e.)
(mi) P

(min)

A V02

(ml 25 g- ± s.e.)

- 1.7± 0.2*** +28 <0.001 -19±4
- 1.4±0.2***
-0.3 ±0.2
-0.2 ± 0.1
- 1.3± 0.2*
-2.4±+0.3***
-0.6± 0.2
-0.6± 0.2
-1.9±0.1***
-0.5 +±0.1

+22
+28
+22
+26
+20
+26
+20
+20
+20

<0.001
NS
NS

<0.01
<0.001
<0.02
< 0.02
<0.001
< 0.02

-30± 5
-15 ±5

-37±9*
-62±13**
-13 ±4

-62 ± 7***
-12 ±4

T2
(min)

P2

+2 to 12 <0.01
+2 to 12 <0.01
+2 to 12 < 0.05

+2 to 12
+2 to 12
+2 to 12

< 0.02
<0.01
< 0.05

+2to12 <0.001
+2 to 12 NS

The earliest times after injection of A -THC at which maximum changes in mean rectal temperature (AtR) or in mean
oxygen consumption rate (AV02) occurred are listed under Ti and T2 respectively. Digits listed under P1 and P2 are P
values (paired t test) for differences between preinjection and minimum postinjection values of tR and V02

respectively. Significant differences (unpaired t test) between the effects of A -THC and of Tween 80 injected by the
same route on tR (AtR at T1) and on V02 (AV02 at T2) are denoted by asterisks (*P<0.05; **P<0.01;
***P< 0.001).

Route

PO/AH

IV

III
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Results

Effects ofintrahypothalamic, intraventnicularand
intravenous injection of 9-THCat22°C

Doses of 5 and 10lg of A9-THC given in-
trahypothalamically produced significant falls in both
tR and V02 (see Table 1). The falls produced by 10 pg
were no greater than those produced by 5 pg. A dose
of 10 pg also produced significant falls in t and V02
when A9-THC was injected intraventricu'iarly (see
Table 1). Indeed the maximum changes in VO pro-
duced by injection of this dose into the third or ?ourth
ventricle were significantly larger than the corres-
ponding changes observed after intrahypothalamic
injection (P< 0.05). The maximum changes in tR
produced by injection of h9-THC (10 ug) into the
fourth ventricle were also greater than those follow-
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Figure 2 Effect of injections of A9-
9tetrahydrocannabinol (A -THC, 10 pg) into the IlIrd

cerebral ventricle on the rectal temperature (tR) and
oxygen consumption rate (V02) of 6 mice. Injections
were made at time zero. Vertical lines show s.e. Aster-
isks denote significant differences (Student's t test for
paired data) between preinjection and postinjection
V02 values (**P< 0.01; ***P< 0.001). Postinjection tR
values are significantly less than tR at time zero from
6 min after time zero until the end of the experiment
(P< 0.001).

42

Figure 1 Effect of intrahgypothalamic injections of A -

tetrahydrocannabinol (A -THC, 10 jg) on the rectal
temperature (tR) and oxygen consumption rate (VO2) of
6 mice. Injections were made at time zero. Vertical lines
show s.e. Asterisks denote significant differences (Stu-
dent's t test for paired data) between preinjection and
postinjection V02 values (*P<0.05; **P<0.01;
***P<0.001). Postinjection tR values are significantly
less than tR at time zero from 4 min after time zero until
the end of the experiment (P< 0.02).

ing intrahypothalamic injection (P< 0.02). The
hypothermia that followed injection of A9-THC into
the fourth ventricle was dose-related, 5 pg producing
smaller falls in tR than 10 pg (P< 0.02). The accom-
panying falls in V varied considerably from mouse
to mouse and the Fa2ils produced by 5 pg did not differ
significantly from those elicited by 10 pg. The time
courses of the falls in tR and V produced by I0pg of
A9-THC given intrahypothalamically or intraven-
tricularly are shown in Figures 1, 2 and 3.

Irrespective of the route or dose of A9-THC used,
maximum falls in V02 occurred at earlier times after
injection than maximum falls in tR (see Figures 1, 2
and 3 and Tables 1 and 2). Falls in tR were maximal at
18 to 28 min after injection whereas maximal falls in
V02 occurred within 12 min of injection.
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9-Figure 3 Effect of injections of A-
tetrahydrocannabinol (A -THC, 10Mpg) into the IVth
cerebral ventricle on the rectal temperature (tR) and
oxygen consumption rate (VO2) of 6 mice. Injections
were made at time zero. Vertical lines show s.e. Aster-
isks denote significant differences (Student's t test for
paired data) between preinjection and postinjection
V02 values. (*P<0.05; **P<0.01; ***P<0.001).
Postinjection tR values are, significantly less than tR at
time zero from 4 min after time zero until the end of the
experiment (P< 0.02).

In some experiments the drug vehicle itself pro-
duced small but significant falls in t or VO2 (see
Table 1). Small falls in tR (0.6 ± 0.1; n= 6) were also
observed in restrained mice with implanted cannula
guides (above third ventricle) which had not received

injections of either drug or vehicle. The falls in VO
following intrahypothalamic injection of A9-THd
were not significantly greater than those following
injection of Tween 80. However, all of the other
responses to intrahypothalamic and intraventricular
injections of A9-THC were significantly greater than
the corresponding responses to the vehicle.
Doses of 5 to 7 pig of A9-THC (0.25 mg/kg) given

intravenously did not appear to affect thermoregula-
tion. In this experiment the rectal temperatures of 6
restrained mice were monitored for 30 min before
injection and over a 60 min period after injection. tR
fell gradually throughout the experiment and at the
end of the postinjection period was 0.6 ± 0.1C below
its value at the time of injection. Although statistical-
ly significant (P< 0.01) this fall was no greater than
the fall in tR which followed intravenous injection of
Tween 80 at a dose of 0.5 mg/kg (0.6 ± 0.2°C; n = 6).

Abolition of the effects of intraventricular injection of
A9-THC

In experiments with a group of 6 restrained mice it
was found that at an ambient temperature of 32°C,
10 pg of A9-THC injected into the fourth ventricle
failed to lower either t or V02 (see Table 2). At
22°C, the same mice all showed marked falls in tR and
V02 in response to the same dose of the drug. Four of
the mice had first received A9-THC at an ambient
temperature of 32°C and subsequently at 22°C. The
other two animals had first received the drug at 22°C,
and subsequently at 32°C.
The effects of intraventricular injection of A9-THC

could also be abolished in mice by first subjecting the
animals to several subcutaneous injections of the
drug. As shown in Table 3, mice which had been
given a subcutaneous injection of A9-THC
(20 mg/kg) on days 1, 2 and 3 did not show any
significant hypothermia in response to 10 pg of A -
THC injected into the fourth ventricle on day 4. The
same subcutaneous pretreatment with A9-THC also
rendered mice tolerant to the hypothermic effect of
A9-THC administered intravenously on day 4 at a
dose of 2.0 mg/kg (see Table 3). Mice which had been
pretreated with the drug vehicle (40 mg/kg) showed

Table 2 The influence of ambient temperature on the effect on rectal temperature and oxygen consumption rate of
10 pg -tetrahydrocannabinol (A -THC) injected into the fourth ventricle of the restrained mouse (n= 6)

AtRT±
(°C ± s.e.) (min)

P1 4 V02
(ml 25 g Ih-I± s.e.)

22 -2.5± 0.4t +18 < 0.01
32 -0.3±0.2 +18 NS

-54 ± 8tt
+3±4

+2 to 12 <0.01
+2 to 12 NS

Symbols (t P< 0.01; tt P< 0.001) denote significant differences (paired t test) between AtR or AV02 at 22°C and
AtR or AV02 at 32°C. See also footnote to Table 1.

Ambient
temperature

0C)

T2
(min)
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9- 9
Table 3 The effect of subcutaneous pretreatment with A -tetrahydrocannabinol (A -THC) once daily for 3 days
(20 mg/kg) on the hypothermic response of the unrestrained mouse (n = 6) to A -THC injected on the fourth day
into either the fourth ventricle (10 Ag i.c.v.) or a lateral tail vein (2.0 mg/kg i.v.)

Pretreatment on days
1, 2 and 3

Drug Dose
(mg/kg)

Tween 80
A9-THC
Tween 80
A9-THC

Treatment on day 4
Drug Route AtR

(°C ± s.e.)

40 A9-THC
20 A -THC
40 A9-THC
20 A9-THC

T(
(min)

P1

i.c.v. -2.7+0.3** +15 <0.001
i.c.v. -0.9± 0.3 +15 NS
i.v. - 1.5± 0.2*** +30 <0.001
i.v. +0.2 ± 0.2 +30 NS

See footnote to Table 1.

significant falls in tR when given intraventricular or
intravenous injections of A9-THC on day 4. Just
before intraventricular injection of A9-THC on day 4
the mean rectal temperature of mice which had been
pretreated with A9-THC was 37.2 ± 0.3°C and the
mean rectal temperature of Tween pretreated ani-
mals was 37.1 ± 0.2°C. Corresponding t values for
animals about to be injected with A9-TI-C intraven-
ously were 36.9 ± 0.2°C and 36.3 ± 0.1°C respec-
tively.

Discussion

Since injection of A9-THC into the preoptic area of
the anterior hypothalamus or into the third ventricle
produced significant falls in body temperature and
oxygen consumption rate and since the drug was
effective intrahypothalamically at a dose (5 ug) that
did not seem to alter thermoregulation when given
intravenously, it would appear that A9-THC may well
be able to alter thermoregulation in the mouse by
interacting with the thermoregulatory centres of the
anterior hypothalamus. Other sites may also be in-
volved. The size of the changes in body temperature
and oxygen consumption produced by injection of
A9-THC into the fourth ventricle were of the same
order as those produced by injection into the third
ventricle. Since the fourth ventricle lies closer to the
midbrain, pons and medulla oblongata, all of which
are thought to have a role in thermoregulation,
than to the thermoregulatory centres of the
hypothalamus, it is possible that in mice as in rats and
cats (Schmeling & Hosko, 1976; 1980), A9-THC can
act at extrahypothalamic sites within the brain as well
as at hypothalamic sites to lower body temperature.
Another possibility is that when A9-THC is injected
into the fourth ventricle it passes into the third ventri-
cle and from there penetrates the hypothalamic ther-
moregulatory centres. Against this possibility how-
ever, is the observation that after methylene blue had

been injected in the fourth ventricle, no dye was
detected in the third ventricle.
The changes in thermoregulation produced by in-

trahypothalamic or intraventricular injection of A9-
THC showed several similarities to changes pro-
duced by intravenous administration of the drug
(Pertwee & Tavendale, 1977). Firstly, there was
evidence of a cause and effect relationship between
reduced heat production and hypothermia. The
drug-induced falls in oxygen consumption and hence
presumably in heat production after injection of A9-
THC always occurred earlier than the falls in body
temperature. Secondly, the drug appeared to act
selectively on heat produced in response to cold since
injection of A9-THC into the fourth ventricle mar-
kedly lowered oxygen consumption at an ambient
temperature of 22°C but failed to do so at 32°C. The
oxygen consumption of restrained mice at 32°C is
almost minimal (Pertwee & Tavendale, 1977) pre-
sumably because at this ambient temperature the
animals do not need to produce large amounts of heat
in order to maintain a balance between heat gain and
heat loss. Finally, mice subjected to a series of sub-
cutaneous injections of A9-THC showed tolerance to
the hypothermic effect of the drug when it was in-
jected into the fourth ventricle. The same pretreat-
ment also rendered mice tolerant to the hypothermic
effect of intravenously administered A9-THC. Taken
together these observations suggest that A9-THC can
act centrally to alter thermoregulation not only after
direct injection into the hypothalamus or cerebral
ventricles but also after administration by peripheral
routes. The finding that pretreatment with A -THC
by a peripheral route produced tolerance to the
hypothermic effect of intraventricularly adminis-
tered drug also lends support to the hypothesis
(Lawrence & Pertwee, 1973) that tolerance to the
hypothermic effect of A9-THC in mice 'does not
depend on changes in the metabolism or distribution
of A9-THC leading to changes in brain levels of the
drug and its metabolites'.
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Aftei intravenous administration of A9-THC at a
dose level (2.0 mg/kg) that can markedly lower the
body temperature of restrained mice (Pertwee &
Tavendale, 1977) concentrations of the drug in
mouse brain have been reported to rise to peak
values of about 0.5 jg per g of brain tissue (Gill &
Jones, 1972). The wet weight of an adult mouse brain
is approximately 450 mg and yet in our experiments
doses of 5 plg (i.e. about 10 pg per g of brain tissue)
given intrahypothalamically or intraventricularly
produced only moderate falls in body temperature.
There are at least two possible explanations for this
apparent discrepancy. Firstly, A -THC when dis-
persed in a mixture of Tween 80 and saline is prob-
ably taken up by brain tissue far less readily after
intraventricular or even intrahypothalamic injection

than after intravenous injection (Gill & Lawrence,
1973). Secondly, a major metabolite of A9-THC,
11-hydroxy-A9-THC, is thought to contribute sig-
nificantly towards the pharmacological activity of its
parent compound when the latter is administered to
mice intravenously (Gill, Jones & Lawrence, 1973).
However, when the parent compound is given in-
tracerebrally or intraventricularly this is probably not
so since conversion of A9-THC to its 11 -hydroxy
metabolite in mouse brain is thought to be negligible
(Christensen, Freudenthal, Gidley, Rosenfeld,
Boegli, Testino, Brine, Pitt & Wall, 1971).

We thank NIDA for supplies of A9-THC. A.G.F. is the
recipient of an MRC scholarship for training in research
methods.
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